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Abstract

Abstract

Objective (as part of the NAHMS Equine ‘98 study): Describe the occurrence of equine protozoa myeloen-
cephalitis (EPM) inthe U.S. Characterize horses reported to have EPM with regard to clinical signs, methods
of diagnosis and treatment, cost of treatment and lost use, and clinical outcome. Characterize operation-level
risk factors associated with the likelihood of identifying EPM on equine operations in the United States.

Design: Population-based cross-sectional survey.

Sample Population: Stratified random sample of equine operationsin 28 states with at |east three resident
horses on January 1, 1998, representing 51.6 percent of operations with horses and 83.9 percent of horsesin
those 28 states.

Procedur e: Questionnaires were administered on-site to operators by Veterinary Medical Officers or Animal
Health Technicians. Anayses of datawere weighted to account for study design, sampling fraction, and non-
response to obtain appropriate popul ation-based variance estimates.

Results: Overall, 59.8 percent of owners/operators interviewed had never heard of equine protozoal myeloen-
cephalitis or EPM, and only 9.5 percent considered themselves knowledgeable about this disease. EPM was
reported to have occurred on 1.0 percent of operationsin the year prior to the study and on 3.3 percent of op-
erations at any point in the operation’ s history. The incidence of EPM was estimated in the year prior to the
study to be 14 new cases per 10,000 horses per year. The majority of operations where EPM was reported
had only identified a single case at any time during their history. While this study was based on owner/opera-
tor reports of disease, 95.0 percent of cases recognized during the year prior this study were diagnosed by a
veterinarian. Onset of disease was reported most commonly to occur during the summer or fall. The most
common signs reported in cases occurring during the previous year were ataxia, limb weakness, lameness,
and muscle atrophy. The most common methods used to diagnosis EPM in these horses were recognition of
clinical signs, serology, and CSF analysis. Among the last cases recognized on operations for which duration
of illnesswas at least 3 months, 39.7 percent were reported to recover completely, 37.4 percent improved but
did not completely recover, 14.4 percent were sold or given away because they had EPM, and 7.1 percent died
or were euthanatized because of EPM. For those EPM cases that completely recovered, relapsed following
improvement, and showed no improvement after at least 3 months duration, the average number of days of
lost use was 244 days. For those EPM cases that died because of EPM, an estimated 9.2 years of use were
lost. Excluding cases that were less than 3 months in duration, the geometric mean cost to operations for di-
agnostic testing, veterinary care, and medications provided for the last diagnosed case of EPM was $790.

Implications: EPM was reported to occur rarely in this study population, despite the use of owner reportsto
measure disease occurrence. Veterinarians were aimost always employed in the diagnosis of this disease for
cases occurring in the previous year. Despite itsrare occurrence, this disease is avery serious health problem
in affected horses and only about 40 percent of affected horses were reported to have recovered completely.

Equine ‘98 1 USDA:APHISVS



Introduction

Introduction

What is Equine Protozoal Myeloencephalitis?

Equine protozoal myeloencephalitis (EPM) is a serious and often fatal neurologic disease of equids.l'6 Ani-
mals affected by EPM can demonstrate a variety of clinical abnormalities, and signs can vary tremendoudly in
severity. Classicaly, horses with EPM develop a vari ety of asymmetric neurologic deficits including gait ab-
normalities, ataxia, weakness, and focal muscle wasti ng However symmetric neurologic abnormalities
are also seen frequently. The disease may be focal or multifocal in nature and may be manifested less fre-
guently as a head tilt, facial paralysis, seizures, or even apparent behaviora changaa4 Horses of all ages
can be affected, but horses are usually at least 6 months old when first diagnosed with EPM.

Sarcocystis neurona is the parasite thought to be the principal causative agent of EPM. 145 Recent work sug-
gests that Neospora caninum and/or Neospora hughesi mfectlons can also cause neurologic disease that is
clinically indistinguishable from that caused by S neurona.”® However, S neurona infections are appar-
ently a much more frequent cause of EPM. Thelife cycle of S neurona iscomplex and is not fully
understood.® Horses are considered an aberrant host for these parasites. The definitive hosts of S neurona
are believed to be members of the opossum family (Didel phlswrgl niana in North America and other mem-
bers of the Didelphidae family in Central and South Amerlca) ! The natural range of opossum species
corresponds well with areas where EPM is commonly identified. EPM has been recognized in horses on
other continents, but to date only in horses that originated from North America, Central America, and South
America. A recent experimental study showed that the domestic cat can serve as an intermediate host, but the
natural intermediate hosts for S. neurona remain unknown.®*2

Why is EPM important?

EPM is agrowing problem for the horse industry in the U.S. This disease has been diagnosed with increasing
frequency by veterinarians throughout the U.S. during the past decade since commercial tests to detect S. neu-
rona infection became available. Treatment of EPM is quite expensive, and both mildly or severely affected
horses often require treatment for extended penods"’ Despite aggressive treatment, horses with EPM can be
affected so severely that they must be euthanatized, or they can develop permanent problems which affect
their ability to be used for athletic activities.

Gathering information about this disease was identified by the equine industry as one of the highest priorities
for the NAHM S Equine ‘ 98 study. 13 This disease syndrome was described initially about 35 years ago, and
substantia effort has been made during the past decade to improve our understanding of EPM. However,
many questions remain unanswered about the occurrence of EPM and itsimpact on the U.S. horse industry.
To date there have been no nationwide estimates regarding the incidence of EPM in the U.S. In addition,
there have not been objective frequency estimates regarding the methods of diagnosis, treatments employed,
cost of treatment and lost use, or the outcome for horses diagnosed with EPM. Further information regarding
the risk factors for developing EPM was a so needed.

How is EPM Diagnosed?

Making a definitive diagnosis of EPM in the live horse is challengi ng.4’6 Currently, there are no universally
accepted methods for making a definitive diagnosis. It isimportant to understand that EPM, the disease, is
different from documented exposure to S neurona, the organism that causes the disease. A presumptive diag-
nosis of EPM can be made in some horses if they show neurologic signs that would not likely be caused by
other diseases, such as cervical vertebral malformation or herpesvirus myelitis. In many other horses, how-
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Introduction

ever, these clinical signs could be caused by one or more other diseases. Many veterinarians make a
presumptive diagnosis of EPM if S neurona or antibodies to the parasite can be detected in cerebrospinal
fluid (CSF) collected from horses with neurol ogic abnormalities, assuming that the CSF was not contami-
nated by blood during collection or because the blood-brain barrier has been [ J]ured ® Recent studies
suggest that some normal horses can have antibodiesto S neurona in CsF Y Horses might also be as-
sumed to have EPM if they respond favorably to treatments that are believed to kill the parasites causing this
disease. A definitive diagnosis of EPM can be established after horses die by examining tissues of the brain
and spinal cord using special techniques. 1819 Byt even necropsy tests can miss an infected animal due to the
small number of organism required to cause disease.

Some of the methods used to identify exposure definitively to S neurona include detection of specific anti-
bodies (using the immunoblot or direct ag%utzl Qgﬂl on asseys) 6.20-22 yetection of DNA from the organisms
(using polymerase chain reaction assey) or identification of organismsin tissues (using culture or
immunodiagnostic techniques). 1618 The most common method used to identify horses specifically that have
been infected is the immunoblot assay. This diagnostic test became available commercially in 1992 and since
then has been used widely in the U.S. to detect antibodiesto S. neurona in serum and in CSF. Identification
of S. neurona-specific antibodies in serum indicates that the animal has been exposed previously to S neu-
rona. Results of seroprevalence studiesindicate that in some regions (California, Colorado, Florida,
Kentucky, Missouri, Michigan, Ohio, Oregon, and Pennsylvania), approximately 30-60 percent of horses
tested were exposed previously to S neurona. 2531 Not all exposed horses develop the disease EPM, but
hospital based studies suggest that exposure can be documented more frequently in groups of EPM horses
compared to clinically normal horses. 15,25,28,32,33

How is EPM Treated?

Several treatments have been used in horses diagnosed with EPM, and others are being investigated cur-
rently. Responses of horses with EPM treated at afew referral veterinary hospitals have been reported, but
results of objective efficacy studies have not been published to date. A major emphasis of treatment isthe
elimination of the parasites from neurologic tissues. The treatment that has been reported to be used most of -
ten is acombination of antibiotic/antiparasitic drugs (a sulphonamide and pyrimethamine). 46 Another
antimicrobial drug that has been used infrequently is oxytetracycline. New drugsthat are being investigated
to determine their efficacy for eliminating the causative agent include diclazuril, toltrazuil, and nitazox-
amide3**3 Anti- -inflammatory drugs (e.g., phenylbutazone and flunixin meglumine) and nutritional feed ad-
ditives (e.g., V|tamms such asfolic acid and vitamin E) have been used as adjunct supportive treatments |n
horses with EPM.% Acupuncture has also been used in an effort to diagnose and treat horses with EPM.*

Can EPM Be Prevented?

Many aspects of the life cycle of S neurona or the pathogenesis of EPM remain unknown. For example, little
is known about the incubation period between exposure and the manifestation of clinical disease, why some
exposed horses devel op disease while others do not, or even how the parasite infects the central nervous sys-
tem. Itislikely that some horses are more susc tible to disease, but very few studies have examined factors
affecting susceptibility of different horses. ™ It isaso likely that environmental or management factors
(stress, diet, etc.) affect the occurrence of disease. 16 However, very few studies have examined these factors.
Because the sporocysts of S. neurona are passed in the feces of the opossum, it is likely that infective oocysts
are introduced into the feed and water supply of horses and intermediate hosts.*® It is not known how the
parasite behaves within a horse’ s body after it isingested except that it moves ultimately to the central nerv-
ous system in some horses.

Equine ‘98 3 USDA:APHISVS
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Whileit islikely that management conditions affect the likelihood of exposure to the causative agents and oc-
currence of clinical EPM, at the present time there islimited information about measures that are effective in
preventing exposure to S. neurona or the occurrence of clinical disease. Some authorities have proposed that
preventing access of opossumsto hay, grain, pasture, and water sources may decrease the risk of exposure and
disease.>® However, it isnot clear that eliminating direct exposure of horses to wild opossums will elimi-
nate completely the risk of disease because horses may be exposed to the parasite through other sources such
as contaminated feed.1®

Equine ‘98 4 USDA:APHISVS
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Methodology

The National Animal Health Monitoring System’'s (NAHMYS) Equine’ 98 Study was designed to provide both
participants and those affiliated with the equine industry with information on the nation’ s equine population
for education and research. NAHMS is sponsored by the USDA:APHIS:Veterinary Services (VS).

NAHMS developed study objectives by exploring existing data sources and contacting industry members
about their informational needs and priorities. The objectives are listed inside the back cover of this report.

The USDA's National Agricultural Statistics Service Equine ‘98 Participating States
(NASS) collaborated with VSto select a statistically-
valid sample such that inferences can be made to all
places with equids (domestic horses, miniature horses,
ponies, donkeys/burros, mules) and to all equidsin the
28 states. Theinitial sampleincluded 2,904 partici-
pating operations from 28 states for Equine ‘98 (see
map, above right). The 28-state target popul ation rep-
resented 78.2 percent of U.S. horses and ponies and
78.0 percent of farms with horses and ponies.

Parts | and |1: Baseline Reference of 1998 Equine

Health and Management were the first in a series of #3760*

rel eases documenti ng Equi ne ‘o8 Study results. * | dentification numbers are assigned to each graph in this report for
public reference.

NASS enumerators collected on-farm data from the

2,904 equine operations for these two initial reports

viaaquestionnaire administered from March 16, 1998, through April 10, 1998. Data from the 133 participat-

ing race tracks were only included in Part I, Tables|.A.1l.athrough c.

The second phase of data collection was done by Federal and state Veterinary Medical Officers (VMO's) and
Animal Health Technicians (AHT’s) in the 28 states. Data were collected on-site for Part 111: Management
and Health of Horsesin the U.S, 1998, from April 20 through June 12, 1998, from 1,178 participating opera-
tions that had three or more horses present on January 1, 1998. Horses at race tracks were excluded from this
phase of the study. This 28-state target population with three or more horses present on January 1, 1998, was
estimated to represent (based on NAHMS' projection):

51.6 percent of operations with horses on January 1, 1998, in the 28 states.
83.9 percent of horses on January 1, 1998, in the 28 states.

VMO'sand AHT’ s also collected datafor Part 1V: Reference of Health Management for Horses and High-
lighted Diseases, 1998, in the same 28 states. Data were collected on-site from June 15 through September
11, 1998, from 1,136 participating operations with three or more horses present on January 1, 1998, except
where noted.

Preparation for Equine ‘98 began with an effort to review existing sources of information for monitoring
equine health. A Catalog of Opportunities for Equine Health Monitoring was compiled and distributed in
June 1995. Second, a needs assessment was undertaken to identify industry informational needs. Focus
groups with industry representatives, researchers, and State and Federal animal health officials contributed in-
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M ethodol ogy

put, and in addition, web site and 1-800 tel ephone call-in surveys were conducted from January 1 through
March 15, 1997.

This collective feedback formed the basis for development of the Equine ' 98 study objectives shown on the
inside back cover of this report.

Baseline health and management questionnaire phases

A goal for all NAHMS national studiesisto include states that account for at least 70 percent of the animal
and producer/owner populationsin the U.S. The most recent data available on which to base the selection of
states to be included in Equine ' 98 Study was the 1992 Census of Agriculture datafor horses and ponies.

States which met a minimum contribution to the U.S. total for number of horses and ponies and number of
farms reporting horses or ponies were included in the study. lowa and Idaho were excluded from the study
due to expected resource conflicts with a then proposed NAHMS cattle on feed study. An additional seven
states were included: Georgia, Maryland and New Jersey due to a high level of state equine industry interest;
Alabama, Louisiana, New Mexico, and Wyoming to improve geographical representation.

A combination of NASS Areaand List data sets, which provided estimates for the NASS January 1, 1998, in-
ventory for all statesin the U.S., formed the basis for selecting the sample for the Equine ' 98 study from the
28 target states. The Equine’ 98 sample selection is a sub-sample of the NASS Fall 1997 Area Survey and
January 1998 Equine Survey respondents that reported one or more equids on hand on January 1, 1998. The
sub-sampling was done within size groups based on total number of equids for list and area separately. Distri-
bution of the sample to individual states was based primarily on the U.S. 1992 Census size indicator
(previously discussed).

NASS enumerators initially contacted 4,311 operations from March 16 through April 10, 1998. The NAHMS
Equine ' 98 baseline questionnaire was administered at each operation to collect health and management infor-
mation. At the conclusion of the first interview, participants who had three or more horses present on January
1, 1998, were asked to participate in the next phase of the study.

Participants who agreed to participate in the second phase of the study were contacted by Federal and state
VMO’'sand AHT's. The NAHMS Equine ‘98 VS phaseinitial questionnaire was administered during this
second visit. In addition to general management questions, more in-depth information was sought on a vari-
ety of topicsincluding parasites, vaccinations, |lameness and equine protozoal myeloencephalitis.

The inverse of the probability of selection was used as theinitial input weight and then adjusted for participa-
tion during the various phases of selection and non-response.

Terms Used in This Report

Average: The sum of all values divided by the number of valuesincorporated into the sum. The averageisa
measure of center of the observed data.

EPM: Equine protozoal myel oencephalitis, a serious neurologic condition of horses. For the purpose of the
NAHMS Equine ‘98 study, horses were considered to have EPM whenever the owner/operator believed they
developed any problems attributed to this condition while resident on the operation. Horses were considered
to have a new occurrence of EPM if they were apparently normal prior to onset, even if they were thought
previously to have had EPM.

Equine ‘98 6 USDA:APHISVS
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Geometric mean: An alternative measure of the average calculated asthe n™ root of the product of the obser-
vations.

Hor se: For this study, a domestic horse that was at least 14 handstall at the withers when full grown.

Incidence: The number of new cases believed to be EPM divided by the number of horses at risk of develop-
ing the disease during a specified time period.

Median: The middle value in a set of numbers that are arranged in numerical order.
Operation: An area of land managed as a unit by an individual, partnership, or hired manager.

Operation average: A single value for each operation is summed over all operations reporting divided by the
number of operations reporting.

Per cent horses: The total number of horses with a certain attribute divided by the total number of horses on
all operations (or al operations within a certain category such as size or region) multiplied by 100.

Percent operations. Thetotal number of operations with a certain attribute divided by the total number of
operations multiplied by 100.

P-value: The probability of observing avalue at least as extreme as the one observed given the data. All p-
values were determined using weighted Chi-square or weighted linear regression where appropriate.

Population estimates Averages and proportions weighted to represent the Examples of a
population. For this report, the reference population was al equine operations  g5o4 Confidence Interval
with three or more horses on January 1, 1998, in the 28 selected states. Esti-

mates in this report are provided with a measure of precision called the 10 o
standard error. A confidence interval can be created with bounds equal to the _95%
estimate plus or minus two standard errors. |If the only error is sampling error, 8 > Com'tif:;:
then confidence intervals created in this manner will contain the true popula- /
tion average 95 out of 100 times. In the example at right, an estimate of 7.5 6
with a standard error of 1.0 resultsin arange of 5.5 to 9.5 (two times the stan- ° /
dard error above and below the estimate). The second estimate of 3.4 shows a 4 H &
standard error of 0.3 and resultsin arange of 2.8 and 4.0. Alternatively, the ¢
90 percent confidence interval would be created by multiplying the standard 2 | i
error by 1.65 instead of two. Most estimatesin this report are rounded to the
nearest tenth. If rounded to O, the standard error was reported as (0.0). If
there were no reports of the event, no standard error was reported (--). (1.0) (0.3)

. . o . Standard Errors
Quartile: Divide the population into four equal groups. Twenty-five percent #2360

will have avalue of less than the 25th quartile. The 50th percentileisthe
middle value of the population.

Regions:

- Western: California, Colorado, Montana, New Mexico, Oregon, Washington, and Wyoming.

- Northeast: New Jersey, New York, Ohio, and Pennsylvania.

- Southern: Alabama, Florida, Georgia, Kentucky, Louisiana, Maryland, Oklahoma, Tennessee, Texas, and
Virginia

- Central: lllinois, Indiana, Kansas, Michigan, Minnesota, Missouri, and Wisconsin.

Equine ‘98 7 USDA:APHISVS
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Resident horse: A horse that spent or was expected to spend more time at the operation than at any other op-
eration. The operation wasits home base.

Sample profile: Information that describes characteristics of the operations from which Equine ‘98 data were
collected.

Sarcocystis neurona: The parasite thought to most commonly cause EPM. It isimportant to realize that not
all horses infected with this parasite develop EPM.

Signs of disease: Physical changes or symptoms exhibited by horses that are believed to be attributable to
EPM.

Size of operation: Size groupings based on number of resident horses at the time of the initial VMO inter-
view (April 20 - June 12, 1998). Size of operation was categorized as 1-5, 6-19, and 20 or more horses at the
time of the interview. Although operations were required to have three or more horses or foals on January 1,
1998, to qualify for this (second) phase of the study, the horse population on the operation could have de-
creased to one horse or foal at the time of the interview.

Stocking density: Maximum number of horses per acre that was turned out at any one time in any one unit
(e.g., paddock, pasture) during the summer of 1997.

Equine ‘98 8 USDA:APHISVS



A. Familiarity with EPM Section I: Population Estimates

Section I: Population Estimates

A. Familiarity with EPM
1. Region

Among all operations, 59.8 percent of owners/operators had never heard of equine protozoal
myeloencephalitis or EPM at the time of the interview, 16.9 percent recognized the name but not much
else, 13.8 percent knew some basics about the disease, and 9.5 percent considered themselves
knowledgeable about EPM. There appeared to be differences in knowledge of EPM between the
Western or Southern regions compared to the Northeast region, but there was no overall detectable
difference in familiarity with EPM among different regions (P = 0.07).

a. Percent of operations by familiarity with the term EPM and region:

Percent Operations by Region

Southern Northeast Western Central All Operations
Owner/Operator Standard Standard Standard Standard Standard
Level of Familiarity | Percent Error Percent Error Percent Error Percent Error Percent Error
Never heard of it 62.0 (4.6) 490 (92 673  (52)| 529 63) | 598 2.9)
before
Recognized the
name, not much else 20.3 (4.0) 9.0 (3.8) 17.6 3.7 15.0 4.3 16.9 (2.1)
Knew some basics 12.0 (3.1 194 (6.0 111 3.2 16.9 (4.0 13.8 (1.9
Knowledgeable 5.7 (24 22.6 8.2 4.0 (1.6) 15.2 4.2 9.5 1.8
Total 100.0 100.0 100.0 100.0 100.0

Percent of All Operations by
Familiarity with the Term EPM

Never heard of it before
59.8%

Knowledgeable
9.5%

Knew some basics
13.8%

Recognized name, not much else

16.9%

#4250
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Section I: Population Estimates A. Familiarity with EPM

2. Size of operation

There was a detectable difference in familiarity with EPM among operations by the number of resident
horses present at the time of the interview (P <0.001). Familiarity of owners/operators with EPM
increased as the number of resident horses increased; the proportion of operations with some knowledge
of EPM increased from 30.3 percent among those with one to five resident horses or foals to 68.7 percent
among operations with 20 or more resident horses.

a. Percent of operations by familiarity with the term EPM and size of operation:

Percent Operations by Size of Operation (Number Resident Horses and Foals)

1-5 6-19 20 or More
Owner/Operator Standard Standard Standard
Level of Familiarity | Percent Error Percent Error Percent Error
Never heard of it
before 69.7 (3.8) 49.5 (4.6) 313 (6.6)
Recognized the
name, not much else 139 (2.5 20.9 39 21.7 (6.8)
Knew some basics 10.8 (2.5) 14.4 (2.9 33.6 (6.8)
Knowledgeable . 1.9 15.2 39 134 (4.0
Total 100.0 100.0 100.0

3. Primary use of resident horses

There was a detectable difference in familiarity among operations by the primary use of resident horses
(P <0.001). Owners/operators on operations where resident horses were used primarily for farming or
ranching had by far the least familiarity with this disease; 77.1 percent had never heard of the condition
and only 1.8 percent knew some basics or considered themsel ves knowledgeable about EPM.
Owners/operators on operations where horses were used primarily for breeding were the most familiar
with EPM; 22.0 percent considered themselves knowledgeable and 32.0 percent reported that they at
least knew some basic information about EPM.

a. Percent of operations by familiarity with the term EPM and primary use of resident horses:

Percent Operations by Primary Use of Resident Horses

Showing/
Competition
Pleasure (Not Betting) Breeding Racing Farm/Ranch Other
Owner/Operator Standard Standard Standard Standard Standard Standard
Level of Familiarity | Percent  Error | Percent  Error | Percent  Error | Percent  Error Percent  Error | Percent  Error

E'e%f;heard of it 651 (42) | 483 (68| 358 (69 | 522 (170)| 771 (54) 321 (208
Recognized the
name, not much else 165 (3.1 23.0 (6.3) 10.2 3.2 0.7 (0.5) 211 (5.2 428 (26.7)
Knew some basics 118 (2.3 115 (3.9 32.0 (6.9) 36,5 (16.3) 10 (0.9 211 (17.0)
Knowledgeable 6.6 (2.0 17.2 (6.0) 220 (6.8) 10.6 (8.4) 0.8 (0.7) 4.0 (2.5

Total 100.0 100.0 100.0 100.0 100.0 100.0
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B. General Characteristics of EPM on Operations Section I: Population Estimates

Note: If owners/operators responded that they had never heard of EPM before the interview (59.8 percent), no
other questions were asked regarding this disease (see Table 1.A.1).

B. General Characteristics of EPM on Operations

1. Veterinary diagnosis of EPM

Among EPM cases reported by owners/operators to have developed EPM during the previous year
(March 1, 1997, through February 28, 1998), 95.0 percent were diagnosed by a veterinarian. There was
no detectable difference in the proportion of EPM cases that were diagnosed reportedly by a veterinarian
in the last year among operations in the different regions (P = 0.34). This finding suggests that disease
reported in this study was based generally on veterinarians diagnoses, despite being reported by
owners/operators. It should be noted that this information refers only to cases occurring in the past year,
and does not refer to all EPM cases ever diagnosed on operations.

a. For resident horses exhibiting signs during the last year (March 1, 1997, through February 28, 1998)
believed to be EPM, percent of horses that were diagnosed with EPM by a veterinarian by region:

Percent Resident Horses by Region

Southern

Northeast

Western Central All Horses
Standard Standard Standard Standard Standard
Percent Error Percent Error Percent Error Percent Error Percent Error
79.1 (12.7) 93.0 39 99.5 (0.6) 97.7 (2.1) 95.0 3.1

For Resident Horses Exhibiting Signs Believed to be EPM,
Percent that Were Diagnosed with EPM by a Veterinarian
by Region

Percent Resident Horses

100 = T
995 | g7.7 |
25 Ul || | | 93.0
79.1
50 H 1 — 1
rtheast
25 H — — —
0 Souther
Western Southern All Horses |
Central Northeast
Region #4251
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Section I: Population Estimates B. General Characteristics of EPM on Operations

2. Region

Overall, 1.0 percent of operations reported that at |east one resident horse developed EPM during the
previous year (March 1, 1997, through February 28, 1998), and 3.3 percent of operations had at least one
resident horse develop EPM at any time while the operation was in existence. Regional differences were
detected in the occurrence of EPM on operations during the previous year (P = 0.05) and at any time
during the operations’ existence (P = 0.02). Theseregional differencesin the likelihood of recognizing
EPM on operations appear to have changed over time. During the previous year, operationsin the
Central region were most likely to report at least one occurrence of EPM (2.9 percent). However,
regarding the occurrence of EPM at any time during an operation’ s existence, operationsin the Northeast
region were most likely to report at |east one case (7.7 percent), followed by the Central region (5.2
percent). Theseregional patterns may have been affected by differences in detection efforts among
regions over time.

a. Percent of operationsthat reported any resident horse with problems believed to be EPM by time period

and by region:
Percent Operations by Region

Southern Northeast Western Central All Operations
Standard Standard Standard Standard Standard

Time Period Percent Error Percent Error Percent Error Percent Error Percent Error
Ever 18 (0.7) 7.7 (4.0) 1.6 (0.9 5.2 (2.3) 33 (0.8)

March 1, 1997 -

February 28, 1998 0.4 (0.1 0.3 (0.2) 0.8 (0.6) 2.9 (2.0 1.0 (0.5)

Percent of Operations that Reported ANY Resident
Horse with Problems Believed to be EPM by Time
Period and by Region

Central i >
% rtheast

Percent Operations
10

\. Ever [ ] 3/1/97-2/28/98‘

5.2

Western Southern All Operations
Central Northeast

Region #4252
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B. Genera Characteristics of EPM on Operations Section I: Population Estimates

The annual incidence of EPM estimated among horses 6 months of age or older on operations
represented by the study population was 14 new cases per 10,000 horses per year (SE=6 cases per 10,000
horses per year). Differencesin the annual incidence of EPM were not detectable among operations from
different regions (P = 0.53).

b. Percent of horses 6 months of age or older that developed problems believed to be EPM from March 1,
1997, through February 28, 1998, by region:

Percent Horses by Region

Southern Northeast Western Central All Horses
Standard Standard Standard Standard Standard
Percent Error Percent Error Percent Error Percent Error Percent Error
0.06 (0.02) 0.07 (0.02) 0.12 (0.08) 0.43 (0.29) 0.14 (0.06)

3. Size of operation

A greater proportion of operations with 20 or more resident horses recognized at least one EPM case
compared to operations with fewer resident horses regardless of the time period being examined.

a. Percent of operations that reported any resident horse with problems believed to be EPM by time period
and by size of operation:

Percent Operations by Size of Operation
(Number Resident Horses and Foals)

1-5 6-19 20 or More All Operations
Standard Standard Standard Standard
Time Period Percent Error Percent Error Percent Error Percent Error
Ever 20 1.1 34 1.2 125 (3.4 33 (0.8)
March 1, 1997 -
February 28, 1998 0.7 (0.7) 0.7 (0.6) 4.7 (2.2 1.0 (0.5)

While operations with alarger number of resident horses were more likely to recognize at |east one EPM
case during the previous year (Table 1.B.3.a.), differences in annual incidence of EPM were not
detectable among operations with varying numbers of resident horses (P = 0.58).

b. Percent of horses 6 months of age or older that developed problems believed to be EPM from March 1,
1997, through February 28, 1998, by size of operation:

Percent Horses by Size of Operation
(Number Resident Horses and Foals)

1-5 6-19 20 or More All Horses
Standard Standard Standard Standard
Percent Error Percent Error Percent Error Percent Error
0.19 (0.19) 0.09 (0.07) 0.20 (0.08) 0.14 (0.06)

Equine ‘98 13 USDA:APHISVS



Section I: Population Estimates B. General Characteristics of EPM on Operations

4. Primary use of resident horses

There were detectable differences in the occurrence of EPM, during the previous year as well as anytime
during the operation’ s existence, anong operations based on the category of the primary use of horses (P
<0.001). Operations where resident horses were used primarily for farm and ranch purposes had the
lowest reported occurrence of EPM regardless of the time period being examined. The apparent
differences seen among operations where horses had different primary uses may be attributable to
differences in the likelihood of exposure to S. neurona and differencesin rigor of monitoring for EPM.

a. Percent of operations that reported any resident horse with problems believed to be EPM by time period
and by primary use of resident horses:

Percent Operations by Primary Use of Resident Horses

Showing/
Competition
Pleasure (Not Betting) Breeding Racing Farm/Ranch Other
Standard Standard Standard Standard Standard Standard
Time Period Percent Error Percent Error Percent Error Percent Error Percent Error Percent Error
Ever 21 (1.0 41 (2.7) 9.7 (3.4) 6.0 (3.9 0.1 (0.1 29 (1.9)
March 1, 1997 -
February 28, 1998 04 (0.3) 35 2.7) 17 (1.9) 22 1.3) 0.1 0.1 11 (0.7)

There were detectable differences in the annual incidence of owner/operator-reported EPM  occurrence
during the previous year (March 1, 1997, through February 28, 1998) among operations, based on the
category of primary use of resident horses (P = 0.04). Operations where resident horses were used for
pleasure or for farming/ranching had the lowest annual incidence (6 cases per 10,000 horses per year and
1 case per 10,000 horses per year, respectively). These rates were significantly lower than the annual
incidence on operations where horses were used primarily for racing (38 cases per 10,000 horse per year,
P =0.05). While the estimated annual incidence of EPM was highest among operations where horses
were used principally for showing or competition (not racing; 51 cases per 10,000 horses per year), there
was marked variability in the annual incidence of EPM on this type of operation. These estimates may
have reflected variability in detection efforts related to use of horses on the operations.

b. Percent of horses 6 months or older that developed problems believed to be EPM from March 1,
1997, through February 28, 1998, by primary use of resident horses:

Percent Horses by Primary Use of Resident Horses

Showing/
Competition
Pleasure (Not Betting) Breeding Racing Farm/Ranch Other All Horses
Stand. Stand. Stand. Stand. Stand. Stand. Stand.
Percent  Error Percent Error | Percent Error |Percent Error |Percent Error Percent Error | Percent Error
0.06 (0.05) 0.51 (0.39) 0.17 (0.12) 0.38 (0.16) 0.01 (0.01) 017 (0.12) 0.14 (0.06)
Equine ‘98 14 USDA:APHISVS




B. General Characteristics of EPM on Operations Section I: Population Estimates

5. Average number of cases of EPM per operation

Among operations where EPM had ever been recognized among resident horses, an average of 1.7 EPM
cases per operation were reported. There was not a detectable difference in the average number of cases
among operations according to the familiarity with EPM (excluding operations where the owner/operator
had no prior knowledge of EPM) (P = 0.14).

a. For operations that had ever had any resident horse that developed problems believed to be EPM,
average number of casesever on the operation by familiarity:

Owner/Operator Average Standard
Level of Familiarity Number Error
Recognized the name, not much else 11 (0.2)
Knew some basics 17 (0.9)
Knowledgeable 18 (0.5)
All operations 17 (0.3)

For operations that reported the occurrence of EPM at any time while the operation was in existence, 77.0
percent reported recognizing only one case.

For operations that reported the occurrence of EPM during the previous year, only one case was reported
to have occurred on 96.0 percent of operations.

b. For operations that had ever had EPM, percent of operations by total number of EPM cases and by time

period:
Percent Operations by Total Number of EPM Cases
1 2 3 4 or More
Standard Standard Standard Standard
Time Period Percent Error Percent Error Percent Error Percent Error

Ever 77.0 (9.6) 8.0 (5.2 9.9 (8.2 51 (3.9
March 1, 1997 -
February 28, 1998 96.0 (2.3 2.2 (1.6) 0.8 (0.5) 1.0 (0.6)

Percent of Operations* by Total Number of Cases of EPM
and by Time Period

Ever 3/1/97 - 2/28/98
4-10 cases
4.9% \ More than 10 cases 2 cases
3 cases 0.2% 2.2%
9.9% \ 3 or more cases
a 1.8%
2 cases

8.0% \&
1 case

1 case 96.0%

77.0%

*Among operations that had ever had ANY resident horse that developed problems with EPM. #4086
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Section I: Population Estimates B. General Characteristics of EPM on Operations

Among operations where EPM had been recognized among resident horses at any time while the
operation was in existence, there was not a detectable difference in the average number of cases ever

recognized among operations in the different regions (P = 0.35; Table B.5.b.i.) or among operations with
different numbers of resident horses (P = 0.86; Table 1.B.5.b.ii).

i. For operations that ever had any resident horse devel op problems believed to be EPM, average
number of cases ever recognized by region:

Average Number Cases by Region

Southern Northeast Western Central All Operations
Standard Standard Standard Standard Standard
Average Error Average Error Average Error Average Error Average Error
14 (0.2) 2.6 (1.0 12 (0.2) 13 (0.2 17 (0.3)

Average Number of Cases of EPM Ever
Recognized on an Operation* by Region

Central S >
% Northeast

All Operations
Northeast

Average Number Cases
10

Western

Southern
Central

Region #4253

*For operations that had ever had ANY resident horse that developed problems believed to be EPM.

Population: Operations in the 28 Equine '98 states with 3 or more horses on January 1, 1998

ii. For operations that ever had any resident horse devel op problems believed to be EPM, average
number of cases ever recognized by size of operation:

Average Number Cases by Size of Operation
(Number Resident Horses and Foals)

1-5

6-19 20 or More All Operations
Standard Standard Standard Standard
Average Error Average Error Average Error Average Error
15 (0.5) 20 (0.8) 17 (0.3 17 (0.3
16

Equine ‘98
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C. EPM Casesthat Developed from 3/1/97-2/28/98 Section I: Population Estimates

For Section C, the owners/operators were asked to provide information about horses that developed signs of
EPM during the previous year (March 1, 1997, through February 28, 1998).

The following data refer to 0.14 percent of horses 6 months or older in the study population that devel oped
signs of EPM in the last year (cases). All information was reported by owners/operators and not veterinarians.
However, 95.0 percent of EPM cases reported to have developed during the previous year (March 1, 1997,
through February 28, 1998) were diagnosed by a veterinarian (see Table 1.B.1.9).

C. EPM Cases that Developed from 3/1/97-2/28/98

1. Season of onset

Onset of disease was most likely to occur in the summer and fall among EPM cases recognized during
the previous year (82.0 percent). This pattern was also observed in the last case of EPM (Table.D.1.a).

a. For resident horses with problems believed to be EPM, percent of cases by season of onset:

Last Year
(March 1, 1997, through
February 28, 1998)

Percent Standard
Time Cases Error
Spring (March - May) 13.9 (6.6)
Summer (June - August) 40.8 (22,9
Fall (September - November) 41.2 (20.3)
Winter (December - February) _ 41 21
Total 100.0

Among all occurrences of EPM that were reported to ever have been identified on operations, 19.2
percent were reported to have occurred during the previous year, although this varied by region. Cases
that were reported during the previous year represented only 2.7 percent of the total cases reported in the
Northeastern region. In contrast, EPM cases reported during the previous year in the Western and
Central regions represented about 44 percent of cases reportedly ever recognized. While there were
detectabl e differences between regions, differences should be interpreted cautiously since the associated
standard errors are relatively large.

b. Among all EPM cases ever recognized, percent of cases that occurred between March 1, 1997, through
February 28, 1998, by region:

Percent Cases by Region

Southern Northeast Western Central All Horses
Standard Standard Standard Standard Standard
Percent Error Percent Error Percent Error Percent Error Percent Error
16.8 (6.4) 2.7 (1.1 43.8 (22.9) 43.7 (22.2) 19.2 (7.8)
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Section I: Population Estimates C. EPM Casesthat Developed from 3/1/97-2/28/98

2. Method of diagnosis

Among the methods reported as being used to diagnose EPM on the operation in the previous year,
clinical signswere used most commonly (60.3 percent), followed by serology (47.1 percent),
cerebrospinal fluid (CSF) analysis (31.7 percent), and response to treatment (6.9 percent). Methods
reported in the “ other” category included use of radiography potentially to rule out other neurologic
diseases. Postmortem examination has been considered by many to be the most definitive method of
diagnosing EPM, however this method was used in less than 1 percent of cases. These categories were
not mutually exclusive and more than one method could have been used to diagnose EPM in any given
horse.

NOTE: All information was reported by equine owners/operators and may not reflect veterinarians
opinions or preferred method of diagnoses.

a. Percent of resident horses with problems believed to be EPM diagnosed in the last year (March 1, 1997,
through February 28, 1998) by method of diagnosis:

Standard
Method of Diagnosis* Percent Error

Clinical signs or symptoms 60.3 (22.8)
Response to treatment 6.9 (3.4
Serology (blood test) 471 (21.49)
Spinal tap (CSF analysis) 31.7 (7.5
Acupuncture 14 (0.9)
Necropsy 04 (0.3)
Other 3.0 (2.6)
Unknown 0.0 (0.0)

*These categories were not mutually exclusive and more
than one method could have been used to diagnose EPM in
any given horse.

Percent of Horses with Problems Believed to be EPM Diagnosed in the Last Year
March 1, 1997, through February 28, 1998, by Method of Diagnosis*

Method of Diagnosis*

Clinical signs/symptoms ‘ 60.3

Serology (blood test) ‘4' 1

Spinal tap (CSF analysis) 31.7

Response to treatment 6.9
Acupuncture | (1.4

Necropsy [0.4

Other 3

0 10 20 30 40 50 60 70

Percent #4088

*These categories were not mutually exclusive and more than one method could have been used to diagnose EPM.
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C. EPM Casesthat Developed from 3/1/97-2/28/98

Section I: Population Estimates

Equine ‘98

3. Clinical signs

have exhibited more than one sign.

The most common clinical signs reportedly seen among horses with EPM during the last year were ataxia
(90.8 percent of cases), limb weakness (86.0 percent), lameness (66.4 percent), muscle atrophy (42.5
percent), back soreness (32.5 percent ), behavior change (28.4 percent), and head tilt (23 percent). Signs
reported in the “other” category included gait abnormalities, weight loss, and other neuromuscul ar
problems, such as muscle twitching. These categories were not mutually exclusive and a horse could

a. For resident horses with problems believed to be EPM diagnosed in the last year (March 1, 1997,
through February 28, 1998), percent of resident horses with the following clinical signs:

Standard
Clinical Signs* Percent Error

Ataxia (wobbly, uncoordinated) 90.8 4.7)
Head tilt 23.0 (14.6)
Head shaker 37 (2.2)
Seizures 23 (1.49)
Lameness 66.4 (16.6)
Limb weakness 86.0 (6.8)
Peripheral nerve deficit (droopy ear, muzzle 09 (0.6)
pulled to one side)
Muscle atrophy (wasting) 425 (20.2)
Roarer (makes roaring noise when exercised) 0.9 (0.6)
Drooling or inability to swallow 12 (0.6)
Behavior change 284 (17.2)
Sore back 325 (17.6)
Other 8.9 (4.7

*These categories were not mutually exclusive and a horse could have exhibited

more than one sign.

Percent Resident Horses with EPM Diagnosed in the Last Year
(March 1, 1997, through February 28, 1998) with the Following
Clinical Signs*

Clinical Signs*

Ataxia

190.8

Limb weakness

Lameness

Muscle atrophy (wasting)

42.5

Sore back

Behavior change

Head tilt
Other

8.9

23

325
28.4

66.4

86

25

50
Percent

75

100
#4254

*These categories were not mutually exclusive and a horse could have exhibited more than one sign.
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Section I: Population Estimates C. EPM Casesthat Developed from 3/1/97-2/28/98

4. Treatment

Among horses with problems believed to be EPM during the last year, 16.0 percent reportedly received
no treatment, 78.8 percent received an antibiotic or parasiticide, and 69.2 percent received a dietary
supplement (e.g., vitamins) to treat the EPM. The most common treatments administered to horses with
EPM in the “other” category were anti-inflammatory medications including flunixin meglumine,
phenylbutazone, and dimethylsulfoxide (DM SO). Treatment categories were not mutually exclusive and
a horse could have received more than one type of treatment.

a. For resident horses with problems believed to be EPM in the last year (March 1, 1997, through February
28, 1998), percent of resident horses by treatment:

Standard

Treatment* Percent Error
Antibiotics or parasiticide 78.8 14.7)
Acupuncture 2.8 (2.9)
Dietary supplement, such asfolic acid or vitamin E 69.2 (16.2)
Other 9.0 4.7
None 16.0 (14.0

*These categories were not mutually exclusive and a horse could have received more
than one type of treatment.

Percent Resident Horses with Problems Believed to be EPM
in the Last Year (March 1, 1997, through February 28, 1998)
by Treatment*

Percent
100
80 78.8
69.2
60 [+ —
40 —
20 ] 16
9
2.8
0
Antibiotics/ Dietary Acupuncture Other None
Parasiticides Supplement
Treatment* #4089
*These categories were not mutually exclusive and a horse could have received more than one type
of treatment.
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C. EPM Casesthat Developed from 3/1/97-2/28/98 Section I: Population Estimates

Equine ‘98

5. Outcome

Among horses with problems believed to be EPM recognized during the last year, the majority were
reported to have recovered completely (29.2 percent) or to have improved but not fully recovered (47.6
percent). Only 4.7 percent of horses diagnosed with EPM during the previous year died or were
euthanatized, but 15.1 percent were sold or given away because of this condition. Of the 1.5 percent of
these EPM cases that reportedly had other outcomes, about one-half were reported to have died due to
other causes, such as colic, and the outcome was unknown for the other one-half because the horse was
sold or given away for reasons reportedly unrelated to EPM.

a. For resident horses with problems believed to be EPM in the last year (March 1, 1997, through February
28, 1998), percent of horses by outcome:

Standard
Outcome Percent Error
Compl ete recovery 29.2 (17.2)
Improved but not fully recovered 47.6 (21.4)
Improved or complete recovery followed by relapse 0.8 (0.6)
No response after at least 3 months duration 1.0 (0.6)
No response, but caseis less than 3 months duration 0.1 (0.1
Died or euthanatized due to EPM 47 (2.9)
Sold or given away due to EPM 151 (13.8)
Other _15 1.5
Total 100.0

Percent of Resident Horses with Problems Believed
to be EPM in the Last Year
(March 1, 1997, through February 28, 1998) by Outcome

Complete recovery

29.2%
Other*

3.4%
Died or euthanized due to EPM
4.7%

Sold or given away due to EPM
15.1%

Improved/not fully recovered
47.6%

#4256
*No response after at least 3 months duration (1.0%)
Improved or complete recovery followed by relapse (0.8%)
No response, but case was less than 3 months duration (0.1%)
Other (1.5%).
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Section I: Population Estimates

D. Description of Last Cases of EPM

For Section D, owners/operators were asked to provide detailed information regarding the last case of EPM to
have devel oped on the operation regardless of when the onset of disease occurred. Information was requested
regarding this single last case asit was thought that recall would be most accurate for this horse, and it would be
less difficult than reporting detailed information regarding every EPM case that ever occurred on the operation.

D. Description of Last Cases of EPM

1. Season of onset

Onset of disease was most likely to occur in the summer and fall among the last cases of EPM (66.9
percent). This pattern was also observed in cases of EPM during the previous year (Tablel.C.1.a).

a. For resident horses with problems believed to be EPM, percent of cases by time of onset:
Last EPM Case

‘ Time

Percent Cases Standard Error ‘

Spring (March - May)

Summer (June - August)

Fall (September - November)

Winter (December - February)
Total

2. Year of onset

18.0
36.1
30.8
151
100.0

(8.9)

13.7)
(11.0)

(7.2)

Over one-half (56.0 percent) of the EPM cases described as the last case to occur on operations were
reported to have occurred within 2 years of the interview (1996 to spring 1998), and 94.6 percent were
reported to have occurred since 1991. Likely, these findings were affected by increased awareness and
increased surveillance for EPM that occurred after 1991 when diagnostic tests first became available
commercialy. While asmall number of last cases were reported to have occurred in 1998, it should be
noted that this finding only reflects cases recognized between January 1, 1998, and the date of the Equine
‘98 interview (held during the period April 20 through June 12, 1998).

a. For operations where any resident horses ever devel oped problems believed to be EPM, percent of
operations by year of onset for the last case believed to be EPM:

Standard Error ‘

Year Percent Operations Percent of Operations Where Any Resident Horses
" Had EVER Developed Problems Believed to be EPM
1998 19 (08) by Year of Onset for Last Case* of EPM
1997 30.3 (11.9)
1996 23.8 (10.5) Percent Operations
1995 19.4 ©4 *°
1994 0.5 04) 4
1993 37 3.3
1992 15.0 (125) 20
1991 0.0 (0.0
1990 5.1 0 ¥ 51
1989 0.1 01 oz o1 [l o
Before 1989 0.2 (0.2 <1989 1990 1992 1994 1996 1998*
- 1989 1991 1993 1995 1997
Total 100.0 Year
*As of Equi ne ‘98 interview (Apl’il 20 thl’OUgh June 12’ 1998). * As of Equine '98 interview (April 20 - June 12, 1998). #4090

Equine ‘98
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D. Description of Last Cases of EPM

Section I: Population Estimates

3. Method of diagnosis

Among the methods reported by owners as being used to diagnose the last case of EPM recognized on
premises, presence of clinical signswas used most commonly (82.8 percent), followed by use of serology
(55.7 percent), cerebrospinal fluid (CSF) analysis (37.4 percent), and response to treatment (35.8
percent). This pattern held true generally regardless of the time period when this case was recognized.
Reportedly clinical signs were used to diagnose almost all (99.6 percent) last cases recognized from 1992
through 1996 and were used less commonly in last cases recognized in 1997 and 1998. Differences
should be interpreted with caution as standard error estimates were relatively large. Methods reported in
the “other” category included use of radiography, potentially to rule out other neurologic diseases, and
sending horses to a veterinary hospital for unspecified diagnostic evaluation. These categories were not
mutually exclusive and more than one method could have been used to diagnose EPM.

a. Percent of last cases of EPM by method of diagnosis and by year of onset (1992 - February 28, 1998):

Percent of Last Cases by Year of Onset

1992-1996 1997-1998 All Last Cases*
Percent Standard | Percent Standard| Percent Standard

Method of Diagnosis Cases Error Cases Error Cases Error
Clinical signs or symptoms 99.6 (0.3 624  (24.8) 828 (11.1)
Response to treatment 39.9 (15.8) 30.0 (18.5) 358 (11.6)
Serology (blood test) 63.2 (14.9 48.6 (22.6) 55.7 (122
Spinal tap (CSF analysis) 43.7 (16.2) 335 (18.9) 374 (11.6)
Acupuncture 51 (4.6) 2.3 (1.5) 3.8 (2.9)
Necropsy 0.6 (0.5) 0.7 (0.4) 0.6 (0.4)
Other 0.5 (0.5) 0.5 (0.4) 55 (5.0

*Includes cases prior to 1992.

Percent of Last Cases of EPM by Method of Diagnosis

Method of Diagnosis

Clinical signs

Serology (blood test)
Spinal tap (CSF analysis)
Response to treatment
Acupuncture

Necropsy

Other

Equine ‘98

82.8

25

23

50
Percent

75

100

#4390
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Section I: Population Estimates D. Description of Last Cases of EPM

4. Treatment

Percent of Last Cases of EPM
by Treatment(s) Used and by Year of Onset

Among horses described as the last case
of EPM to occur on premises, 12.2 percent
received no treatment, 83 percent received
antibiotic or parasiticide drugs, and 51.8
percent received a dietary supplement, e.g.,
vitamins. Horsesrarely were treated using
acupuncture, and other treatments were
administered reportedly to about 9 percent
of the cases. The most common *“other”
treatment administered to horses with EPM 17
were anti-inflammatory medications includin 5.1 ﬁs 7.6
flunixin meglumine, ;;zenyl butazone, and ° 0 —— - = 2

! ! Antibiotics/Parasiticide Acupuncture
DMSO. These treatment categories were not Dietary Supplement
mutually exclusive and a horse could have Treatment*
received more than one treatment.

Percent Last Cases of EPM
100

91.2

|[] 1992-1996 [H 1997-1998 |
70.4

80 [

60

48.2
40 H

20 A

None
Other

*Treatments were not mutually exclusive. #4091

a. Percent of last cases of EPM by treatments used and by year of onset (1992 - February 28, 1998):

Percent of Last Cases by Year of Onset

1992-1996 1997-1998 All Last Cases*
Standard Standard Standard

Treatments Used Percent Error Percent Error Percent Error
Antibiotics or parasiticide (1661) 91.2 (5.7) 78.2  (15.5) 83.0 (7.8)
Acupuncture (1663) 51 4.7) 22 (1.5 3.8 (2.9
Dietary supplement, such asfolic acid or vitamin E 482 (164 704  (16.8) 51.8 (12.7)
Other 8.0 (5.7) 7.6 (4.9) 8.9 (4.2)
None 28 (1.4) 170 (149 122 (6.9

*Includes cases prior to 1992.

Among horses described as the last case of EPM that were treated with antibiotics or aparasiticide
(excluding horses reported to have had no response but duration of illness was less than 3 months), the
average treatment period was 111.3 days overall, and 140.4 days in horses whose onset was between
1992 and 1996. While horses whose disease signs were recognized in 1997 and 1998 on average were
treated for fewer days, this may be reflective of a shorter amount of time available between the initiation
of treatment and the dates of interviews or an actual change in treatment duration.

b. For last cases of EPM treated with antibiotics or parasiticides (excluding horses reported to have had no
response but duration of illness was less than 3 months), average duration in days of treatment by year of
onset:

Average Treatment Duration (Days) by Year of Onset

Prior to 1992 1992-1996 1997-1998 All Last Cases
Standard Standard Standard Standard
Average Error Average  Error | Average Error Average Error
28.9 (12.5) 1404 (36.0) 61.5 (26.1) 111.3 (26.9)
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D. Description of Last Cases of EPM Section I: Population Estimates

5. Outcome

Overall, among horses described as the last case of EPM occurring on premises, owners/operators
reported that 39.7 percent recovered completely and 37.4 percent improved but were not completely
recovered. The difference in the percentages of recovery among cases that developed in 1992 through
1996 and those that developed in 1997 through 1998 is possibly attributable to the shorter elapsed time
between the onset of disease and the dates of interviews.

Overall, 14.4 percent of the last cases of EPM were sold or given away because of EPM, and 7.1 percent
died or were euthanatized because of EPM. Of the 0.6 percent of the last EPM cases that reportedly had
other outcomes, about one-half were reported to have died due to other causes, such as colic. Outcome
was unknown for about half of the “ other outcome” cases because the horse was sold or given away for
reasons reportedly unrelated to EPM.

a. Percent of last cases of EPM by outcome of last case and year of onset (1992 through February 1998):

Percent of Last Cases of EPM

1992-1996 1997-1998 All Last Cases*
Standard Standard Standard

Outcome Percent Error Percent Error Percent Error
Compl ete recovery 49.5 (16.7) 29.0 (18.3) 39.7 (13.0)
Improved but not completely recovered 242 (13.8) 50.0 (22.4) 374 (12.5)
Lr;;::;/pege or complete recovery followed 08 ©08) 01 ©0.1) 05 (0.5)
No response after at least 3 months 0.2 (0.2 04 (0.2) 0.2 0.1
NoprmbademiEStnd |y L o 4 o1 (o
Sold or given away due to EPM 15.0 (9.8 16.1 (14.8) 14.4 (7.6)
Died or euthanatized due to EPM 9.6 (5.3 3.3 (2.0) 7.1 33
Other outcome _0.7 (0.49) _05 (0.49) _0.6 (0.3

Total 100.0 100.0 100.0

*Includes cases prior to 1992.

Percent of Last Cases of EPM by Outcome

Complete recovery

39.7% Other*

1.4%
Died or euthanized due to EPM
7.1%

Sold or given away due to EPM
14.4%

Improved/not fully recovered
37.4%

#4255
*No response after at least 3 months duration (0.2%)

Improved or complete recovery followed by relapse (0.5%)
No response, but case was less than 3 months duration (0.1%)
Other (0.6%)
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6. Lost use

Equine ‘98

Among horses described as the last case of EPM occurring on the operation that were reported to have
survived and were not lost to follow-up (i.e., those that recovered completely, improved but did not fully
recover, relapsed following improvement or recovered completely, or showed no response after at least 3
months of duration of disease), owners/operators reported that about 10 percent had 0 days lost use.

a. Percent of horses described as the last case of EPM on operations that had O days of lost use reported
and that were reported to have recovered completely, improved but did not fully recover, relapsed following
improvement or recovered completely, or showed no response after at least 3 months duration of the
disease:

Percent Last Cases
with 0 Days of Lost Use | Standard Error

9.9 (6.4)

Among those last cases of EPM with at least 1 day of lost use reported, the median number of days of
lost use attributed to illness related to EPM was 150 days (range 2 to 725 days). Twenty-five percent of
these horses had fewer than 91 days of lost use, and 75 percent of these horses had fewer than 241 days
of lost use. “Days of lost use” were defined as the number of days an affected horse could not be used
for the purpose it was intended from the time disease was first identified.

b. Quartiles of reported days of lost use for last case of EPM on operations among those that had at least 1
day of lost use and had the following outcomes: recovered completely, improved but did not fully recover,
relapsed following improvement or complete recovery, or showed no response after at least 3 months
duration of the disease:

‘ Quartiles Number Days ‘
0- 25% 2-90days
26 - 50% 91 - 150 days
51 - 75% 151 - 240 days
76 - 100% 241 - 725 days
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Among horses described as the last EPM cases that survived and had follow-up (i.e., those that

recovered completely, improved but did not fully recover, relapsed following improvement or complete
recovery, or showed no response after at least 3 months of duration of disease), an average of 244 days of
lost use was attributed to illness related to EPM. This number is different from the median (Table
[.D.6.b) as the data were not normally distributed.

c. For last cases of EPM, average number of days of lost use for horses with the following outcomes:
recovered completely, improved but did not fully recover, relapsed following improvement or complete
recovery, or showed no response after at least 3 months duration of the disease:

Average Lost Use Standard
(in Days) Error

244 (46)

For operations where at least one case of EPM had been identified at any point in the operations’ history,
the median number of years that horses were kept continuously on the operation was 20.0 years
(average=18.5 years, SE=1.9 years). There was no detectable difference between operations where EPM
had been detected previously and between those where EPM had not been detected in the average
number of years horses were kept continuously on the operations (P = 0.94).

d. For operations where at least one case of EPM had been identified in the operation’s history, quartiles
for the average number of years that horses were kept continuously on operations:

‘ Quartiles Number Years ‘
0-25% 1-125years
26 - 50% 13- 20 years
51 - 75% 21 - 30 years
76 - 100% 31- 190 years

Among horses described as the last case of EPM occurring on premises that were reported to have died or
were euthanatized because of EPM, an average of 9.2 years (3,345 days) of lost use was attributed to
illnessrelated to EPM. The horse’ s age at death was subtracted from an assumed averagelife span of 20
years for calculation of lost use due to death from EPM.

e. For last casesthat died due to EPM, average number of years of lost use:

Average
Lost Use Standard Error
(in Years) (in Years)

9.2 (1.5)
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7. Cost of diagnostic testing, veterinary care, and medication

For horses described as the last case of EPM occurring on operations and whose disease was greater than
3 monthsin duration at the time of the Equine ‘98 interview (April 20 through June 12, 1998), the
median cost of diagnostic testing, veterinary care, and medications, through the day of the Equine * 98
interview was $1,000 (range O to $10,000). Owners/operators reported that less than $301 was spent on
25 percent of these horses and less than $1,501 was spent on 75 percent of horses. Less than 1 percent of
owners/operators reported spending O dollars.

a. Quartilesfor the reported cost of diagnostic testing, veterinary care, and medications for the last case of
EPM on operations, excluding cases less than 3 months duration:

‘ Quartiles Cost (Dollars) ‘
0-25% $0 - $300
26 - 50% $301 - $1,000
51 - 75% $1,001 - $1,500
76 - 100% $1,501 - $10,000
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Equine ‘98

Overall, among horses described as the last case of EPM occurring on premises where disease was
greater than 3 months in duration at the time of the interviews, the geometric mean for reported costs of
diagnostic testing, veterinary care, and medications through the day of the Equine ‘98 interview was
$790. Thisamount varied by region (P <0.01). The Southern region had the highest costs followed by
the Centra region. The Northeast and Western regions had similarly low costs (P <0.11). However,
there was a great deal of variability in reported costs ($0 to $10,000). This variation probably reflects
differences in treatments, although it may also reflect accuracy of owner/operator recollections and the
time lapsed from the disease event to the interview. Geometric means are reported because the data were
not normally distributed.

b. Geometric mean cost of diagnostic testing, veterinary care, and medications for the last case of EPM
through the day of the Equine 98 interview, excluding cases less than 3 months duration by region:

Geometric Mean 95% Confidence Interval
Region Cost (Dollars) Lower Limit  Upper Limit
Southern $1,982 $1,638 $2,400
Northeast $355 $324 $389
Western $277 $207 $369
Central $1,000 $953 $1,049
All operations $790 $741 $843

Geometric Mean of Cost of Diagnostic Testing,

Veterinary Care, and Medications for the Last

Case of EPM* by Region
3

Central

Mean pte Northeast
$2,500

$2,000

$1,500 Souther|

$1,000 $790

$500

$0

Western Southern All Operations
Central Northeast

Region #4092

*Through the day of Equine '98 interview (April 20-June 12, 1998). Excludes cases of less than 3 months duration.
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Section Il: Discussion

A. Quality of Information

For the purposes of this study, resident horses were assumed to have had EPM during specified time peri-
ods if owners/operators believed they developed clinical problems that were associated with EPM.
Testing for S neurona infection was not sufficient for horses to have been considered acase. The
owner/operator had to be confident that horses had clinical EPM, but this diagnosis did not have to be
confirmed by aveterinarian. However, 95 percent of cases recognized during the previous year were di-
agnosed reportedly by veterinarians, which suggests that data collected regarding clinical information was
generally reflective of veterinarians’ diagnoses.

Case definition and methods used to diagnose disease deserve critical consideration before interpreting re-
sults of this study, asfor any study. While other investigative methods may have been employed to
identify EPM, this study provides the best information available to date regarding the occurrence of this
disease in the nation asawhole. Currently there is tremendous controversy regarding the reliability of
methods used to diagnose EPM, and there is no diagnostic protocol available that will yield uniformly re-
liable definitive diagnosis when applied to all horses believed to have EPM. Thislack of universally
accepted methods for making a definitive diagnosis makes it difficult to study EPM. Potentialy, the more
subjective, judgment based, case definition used in this study was as useful as other criteria based defini-
tions that might have been employed. It would be extremely difficult and expensive, if not impossible, to
perform a study of this magnitude using more rigorous attempts to definitively diagnose EPM (for exam-
ple, neurologic examination by study personnel on anational basis).

This study concentrated on gathering information regarding horses diagnosed with EPM during the year
prior to interviews, and regarding the last case of EPM recognized on the operation. It was thought that
sufficient detail would be remembered from these occurrences of disease to minimize the problem of re-
call bias. Thisassumption is supported by the observation that 56 percent of last cases were recognized
within 2 years of the interview (1996 or later), and 94 percent were recognized within 6 years of the inter-
view (1992 or later). Another potential problem is the dramatic change in the understanding and
surveillance for EPM during the past 15 years. However, data collected regarding those cases recognized
in the last year should not have been affected as much by the rapid changes in surveillance, diagnostic,
and treatment modalities.

Data gathered during VMO or AHT interviews also suggested that good quality information was obtained
from this study. The personnel conducting interviews reported that there was little or no question about
the validity of responses from 82 percent of operatorsinterviewed, and an additional 17 percent of opera-
tors had adequate knowledge of the operation and their responses were based upon their best and earnest
recollections even though written records were not consulted during interviews.

B. Occurrence of EPM in the United States

Information gathered during this study suggest that approximately 14 new occurrences of EPM were rec-
ognized during the year prior to interviews per 10,000 horses (14 cases per 10,000 horses per year SE=6
cases). These new occurrences could include disease recognized in horses that apparently had recovered
from prior EPM episodes, but could not include disease occurring in horses diagnosed previously with
EPM unless, according to owner/operators, they had recovered completely. Many experts believe that
this disease has been recognized with increasing frequency in the recent past, but this may be attributable
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to increased awareness and surveillance rather than increasing incidence. This study provides the first
nationwide estimate of theincidence of EPM, so it is not possible to draw objective conclusions about
trends in disease incidence. The method of classifying animals' disease status may have affected the ac-
curacy of thisincidence estimate. Considering the publicity and attention that this disease has received in
the recent past, and the case definition that was employed for the study, it seems that disease incidence
was more likely to have been overestimated to some degree, rather than underestimated.

Overall, 1.0 percent of operations reported the occurrence of EPM during the previous year, and 3.3 per-
cent reported recognizing at least one case at any point during the operation’s history, but there were
detectable differences over time among regions. Operationsin the Northeast region were more likely to
recognize the occurrence of EPM at any time during their history, but operationsin the Central region
were more likely to recognize this disease during the past year. Little is known about the natural history
of this disease and these apparent differences are possibly attributable to changing awareness and detec-
tion efforts rather than true variation in disease occurrence. Interestingly, there were not detectable
differencesin the regional estimates of EPM incidence among individual horses during the previous year.
This finding suggests that the differences in the proportion of operations which recognized EPM are re-
lated to differences in numbers of horses at risk of developing EPM (Table 1.B.3.a). Seroprevalence
information is available currently only from alimited number of states and it istherefore not possible to
compare reported frequency of disease occurrence with rates of exposure to S. neurona.

Results of this study suggest that veterinarians play amajor rolein the diagnosis of EPM (Table 1.B.1).
While evaluation of clinical signs or symptoms was the most common diagnostic method reported, over-
all, owners/operators reported that there was a decrease over timein the use of clinical signs; clinica
signs were only used in the diagnosis of about 60 percent of cases reported to have developed in the pre-
vious year. It must be considered, however, that this information was reported by owners/operators and
not veterinarians. Also, serology and spinal fluid analysis were used commonly to diagnose EPM. It has
been reported previously that methods that can be used to make a definitive diagnosis of this diseasein-
clude postmortem histological examination of central nervous system (CNYS) tissues (preferably including
immunodiagnostic methods), Western blot evaluation of cerebral spinal fluid (CSF), identification of spe-
cific neurologic abnormalities, and response to treatment.*® Serol ogy can be used to document exposure
to parasites thought to cause EPM, but horses apparently can be exposed frequently without ever devel op-
ing clinical disease. While necropsy with subsequent postmortem histol ogic examination of neurologic
tissues by qualified pathologistsis probably the most specific method of diagnosis of EPM, this method is
expensive and may lack sensitivity. These drawbacks may be reflected in the use of postmortem evalua-
tion in the diagnosis of lessthan 1 percent of horses reported to have developed EPM, even though 4.7
percent of cases recognized during the previous year and 7.1 percent of the last cases recognized died or
were euthanatized because of EPM (Tables1.C.2.a,1.C.5.5,1.D.3.3,1.D.5.a).

The majority of horses with EPM reportedly were treated with antimicrobial or parasiticide drugs, and
with dietary supplements (Tables1.C.4.a, 1.D.4.8). Itisworth noting that many horses with EPM were re-
portedly not treated (16.0 percent of horses diagnosed during the previous year, and 12.2 percent of the
last cases of EPM). Unfortunately, the study design did not allow determination of the outcome of these
particular cases with confidence. The use of acupuncture to diagnose or treat EPM has been advocated by
some veterinarians and horse owners, but the validity and efficacy of this practice has been questloned
Findings from this study suggest that acupuncture is not used commonly for either purpose inthe U.S (Ta-
blesl.C.2.3,1.C.4.a,1.D.3.a,1.D.4.9).
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Administration of antifolate medicationsincluding sulfadiazine and pyramethamine was the first recom-
mended therapy for EPM. This treatment was based originally on histologic resemblance of S neurona to
Toxoplasma gondii, and extrapolation from recommended treatment of toxoplasmosisin humans. 4647
These medications are still used commonly to treat horses with EPM, but there have been frequent
changesin recommended dosages, treatment frequency, treatment duration, product formulations, and an-
cillary treatments. In addition, treatment with triazine derivative parasiticides has become increasingly
common since about 1997.34%? These changes in recommended treatment have been based empirically,
and unfortunately there are no published studies evaluating differences in treatment efficacy. Among
horses reported to have developed EPM during the previous year, 29.2 percent were reported to have
completely recovered by the time of the interview, and 47.6 percent were improved but not completely re-
covered. In comparison, among last cases of EPM that developed between 1992 and 1996, about 50
percent were reported to have complete recovery and 24.2 percent were improved but not completely re-
covered. Apparent differencesin recovery rates identified during this study should be interpreted with
caution as standard errors associated with these estimates were relatively large (Tables 1.C.5.a, 1.D.5.9).
The magnitude of variation in these estimates likely was influenced by differences in the amount of time
that elapsed between recognition of disease and interviews which took place between April 20 and June
12, 1998. Estimates of recovery identified in this study are similar to previousII reported estimates that
clinical improvement can be expected in about 70 percent of treated horses.*84"4 |t should also be
noted that the way in which this question was worded may have affected this result; horses that improved,
but were sold or euthanatized because of EPM would likely not be listed in the categories denoting im-
provement in horses conditions. Only about 1 percent of cases that developed during the previous year
were described as showing no improvement after at least 3 months duration, as were fewer than 1 percent
of all last cases, but this also excludes horses that died or were given away due to EPM.

It has been reported that some horses with EPM devel op aworsening of clinical disease after cessation of
treatment (arelapse). These relapses have been suggested to occur in 5 to 28 percent of cases>3748:49
While clinical improvement or complete recovery followed by relapse in disease signs was reported to
have occurred in less than 1 percent of EPM cases regardless of the year that disease was recognized, this
may be influenced by the manner in which cases were defined for this study. For the purposes of this
study, horses were considered to have a new occurrence of diseaseif they were clinically normal prior to
its onset, even if they were thought to have previously had EPM.

The duration of drug use required to treat horses effectively with EPM is a controversial issue, and clini-
cal trialsthat would provide objective information to clarify thisissue have, to date, not been published.
Some authors have proposed that horses should be treated for 60-90 days beyond when antibody to S
neurona is undetectable in the CSF, or 2 to 4 weeks past resolution or stabilization of clinical abnormali-
ties %! Inthis study, among the last cases of EPM recognized on operations, cases that devel oped
between 1992 and 1996 were treated for an average of 140.4 days while those recognized during the pre-
vious year (1997 to 1998) were treated for an average of 61.5 days. The difference between these
averages may be affected by differencesin drugs used and recommended treatment protocols. Itisaso
possible that these estimated differences could have been affected by differences in the elapsed time be-
tween recognition and the interview dates for the two periods. 1n comparison, arecent epidemiologic
study performed at The Ohio State Veterinary Teaching Hospital found that the average duration of tresat-
ment for horses that improved clinically was 128 + 123 days, compared to 76 + 86 days for those that did
not improve.15

There is only one other report studying the proportion of horses that die or are euthanatized because of
EPM that has been published previously.33 In this study, about 10 percent of last cases of EPM that de-
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veloped between 1992 and 1996 died or were euthanatized because of EPM in the general horse
population compared to 45 percent case fatality reported in that previous study performed at areferral
center.33 Among cases that devel oped during the previous year amost 5 percent were reported to have
died or were euthanatized, but this difference was probably affected by differencesin elapsed time be-
tween the onset of disease and the interviews for this study. About 15 percent of affected horses
reportedly were sold or given away because of EPM. However, it cannot be determined from this study
whether horses’ conditionsimproved or stabilized prior to sale or if buyers had been made aware of
horses' disease history.

While EPM does not apparently occur with great frequency in the U.S. horse population (approximately
14 new cases per 10,000 horses per year), the consequences of disease are substantial and costly. Only
49.6 percent (SE=16.7%) of owner-reported EPM cases that devel oped between 1992-1996 were reported
to have recovered completely. For horses described as the last case of EPM (most recent) and whose dis-
ease was greater than 3 months in duration at the time of the Equine * 98 interview, the median cost of
diagnostic testing, veterinary care, and medications, through the day of the Equine ‘98 interview was
$1,000 per case (range 0 to $10,000). Approximately 10 percent of the last EPM case reported to have no
lost use. Among EPM cases at least 1 day of lost use and which were reported to have survived and not
lost to follow-up, the median number of days of lost use attributed to EPM was 150 days (range 2 to 725
days; Table1.D.6b). Among last cases that died or were euthanatized because of EPM, an average of 9.2
years (SE=1.5 years) of lost use was attributed to illness related to EPM (assuming average life span of 20
years). Using information collected during the Equine ‘98 study, economists from the USDA have esti-
mated that the average cost to the equine industry in the U.S. because of EPM is $27 million annually. 52
Thistotal includes estimates for costs related to diagnosis, treatment, maintenance of horse while they are
unable to be used for their intended purpose, lost use attributable to death, and the value of horses that die
or are euthanatized. This estimate does not account for opportunity losses because affected horses are un-
ableto attain their ultimate performance potential. These costs are substantial but are much lower than
national estimates of annual economic impact associated with colic in horses and far less than the losses
to the equine industry that can be attributed to lameness.>
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Appendix |: Sample Profile

A. Responding Operations

Appendix I: Sample Profile

A. Responding Operations (April 20 through June 12, 1998)

1. Typeof operation

‘ Primary Function of Operation

Responding Operations

Boarding/Training facility 381
Breeding farm 199
Farm/Ranch 219

Residence with equids for
personal use 228
Other 151
Total 1,178

2. Region

‘ Region Responding Operations
Southern 435
Northeast 155
Western 323
Central _ 265
Total 1,178

3. Horseson hand January 1, 1998

Equine ‘98

Number Responding Operations

3-5* 273
6-19 449
20 or more _ 456
Total 1,178

*Three premises with two horses on hand on January 1,
1998, completed this portion of the study.
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A. Responding Operations Appendix 11: U.S. Equine Popul ations

Appendix II: U.S. Equine Populations

NASS: Number
Census: Number Census: Number Farms Reporting | Equine? - All Lo-
Horses and Ponies® on Farms Horses and Ponies® cations
(Thousand Head) (Thousand Farms) (Thousand Head)
Region State 1992 1997 1992 1997 January 1, 1998
Central Illinois 46.1 51.7 7.3 7.6 99.0
Indiana 48.1 58.6 84 9.2 140.0
Kansas 429 52.8 9.7 10.6 104.0
Michigan 54.0 66.2 7.8 9.1 130.0
Minnesota 43.1 55.9 1.7 8.8 155.0
Missouri 64.6 85.7 142 15.9 140.0
Wisconsin _43.6 524 81 _88 115.0
Totd 342.4 423.3 63.2 70.0 883.0
Northeast New Jersey 239 22.6 25 23 45.0
New York 43.3 47.8 6.4 6.5 157.0
Ohio 72.0 76.2 109 117 155.0
Pennsylvania _58.0 _65.1 9.2 9.9 165.0
Tota 197.2 211.7 29.0 30.4 522.0
Southern Alabama 29.7 42.5 57 74 130.0
Florida 52.0 54.9 6.7 6.8 170.0
Georgia 311 35.3 5.6 59 69.0
Kentucky 78.1 95.9 124 134 150.0
Louisiana 28.0 30.1 51 53 65.0
Maryland 24.3 225 28 2.6 45.0
Oklahoma 70.0 93.7 14.9 184 165.0
Tennessee 61.1 89.0 124 15.3 185.0
Texas 209.1 242.0 38.5 44.2 595.0
Virginia _44.0 _50.3 74 75 145.0
Total 627.4 756.2 111.2 126.8 1,719.0
Western Cdlifornia 124.9 1131 150 13.0 235.0
Colorado 69.4 81.7 9.9 11.2 140.0
Montana 56.4 71.2 8.2 10.2 130.0
New Mexico 414 38.8 57 59 64.0
Oregon 51.9 68.3 9.2 10.7 120.0
Washington 51.1 58.8 7.9 8.1 155.0
Wyoming 407 _50.6 _45 53 _61.0
Total 435.8 482.5 60.4 64.4 905.0
Total (28 states) 1,602.8 1,873.7 263.8 291.6 4,029.0
(78.2% of US) (77.2% of US) | (78.0%0of US)  (77.7%of US) | (76.7% of US)
Total U.S. (50 states) 2,049.5 2,427.3 338.3 375.2 5,250.4
1 Horses and ponies and farms reporting horses and ponies. Source: Census of Agriculture 1992 and 1997.
2 Equine includes horses, ponies, mules, burros, and donkeys. Equine located on farms totaled 3.20 million head and 2.05 million head

were located on non-farm places. Source: National Agricultural Statistics Service (NASS), March 2, 1999.
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Completed and Expected Equine ‘98 Study
Outputs and Related Study Objectives

1. Provide baseline information on equine health.
Part I: Baseline Reference of 1998 Equine Health and Management, August 1998
Part I1: Baseline Reference of 1998 Equine Health and Management, September 1998
Equine morbidity and mortality (info sheet), September 1998

2. Estimate uses of equine health-related management practices.
Part I1: Baseline Reference of 1998 Equine Health and Management, September 1998
Part I11: Management and Health of Horses in the U.S., 1998, January 1999
Part I1V: Reference of Health Management for Horses and Highlighted Diseases, 1998, May 1999
Sources of information/use of veterinarian (info sheet), August 1998
Biosecurity practices on U.S. equine facilities (info sheet), August 1998
Information sources and use of veterinarians for equine health care, August 1998
Unique identification methods for U.S. equids (info sheet), May 1999
Equine management practices (info sheet), January 1999
Transportation of U.S. equids (info sheet), January 1999

3. Determinetype and use of animals in theU.S. equine population by type of operation.
Part I: Baseline Reference of 1998 Equine Health and Management, August 1998
Composition of the U.S. equine population (info sheet), August 1998

4. Measure the prevalence of specific infectious agents or frequency of antibodies to specific infectious agents.
Salmonella and the U.S. horse population (info sheet), May 2001
Internal parasites: strongyles and ascarids (info sheets), April 2000

5. Gather datarelated to specific health problems.
Testing for equine infectious anemia (EIA) in the U.S. (info sheet), September 1998
Equine Viral Arteritis (EVA) and the U.S. Horse Industry (interpretive report), April 2000
Lameness and Laminitisin U.S. Horses (interpretive report), April 2000
Equine Protozoal Myeloencephalitis (EPM) in the U.S,, (interpretive report), May 2001
Mortality (info sheet), 1997-1998, May 2001
Calic (info sheet), expected summer 2001
Respiratory disease (info sheet), expected summer 2001
National Economic Cost of Lameness, Colic and EPM (info sheet), expected summer 2001

6. Feed problems.
Endophytesin U.S. horse pastures (info sheet), April 2000
Fumonisin By mycotoxins in horse grain/concentrate on U.S. horse operations (info sheet), April 2000
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